Objective The purpose of this study was to examine the efficacy of daily cabergoline administration on oestrus induction in bitches.
T he normal interoestrus interval in bitches ranges from 5 to 12 months and averages approximately 7 months. 1 The interval varies greatly among bitches within the same breed. This oestrous cycle is unique among domestic animals in which there is a compulsory anoestrus following the termination of the luteal phase.
Many studies of canine reproduction have investigated shortening of anoestrus by artificial means, chiefly using dopamine agonists, which are ergot derivatives that inhibit prolactin secretion by stimulating secretion of dopamine or suppressing the secretion of serotonin. 2 Prolactin appears to play a role in the canine interoestrus interval, possibly by affecting gonadotropin secretion and/or ovarian responsiveness to gonadotropins. The dopamine agonist, cabergoline, has fewer sideeffects and more potent than bromocriptine, probably because it more specifically binds to D 2 hypothalamic and pituitary receptors.
3,4 Some previous reports [5] [6] [7] [8] [9] have demonstrated that cabergoline can be used to induce oestrus in bitches and to shorten the interoestrus interval; however, the relationship between the rate of induced oestrus and different histories of previous pregnancy is not clear.
The purpose of this study was to examine the effect of cabergoline on oestrus induction in bitches in varying states of anoestrus.
Materials and methods

Study animals
The study group comprised 2-5-year-old multiparous Beagle bitches (n = 20) and 2-7-year-old Beagle sires (n = 3) at the Chugai Research Institute for Medical Science (Nagano, Japan). The animals were individually housed in stainless steel cages (0.6 × 0.8 × 1 m) with ad libitum access to fresh water. They were also given a pelleted diet (CD-5 M, CLEA Japan, Tokyo, Japan) of 300-800 g/day. Room temperature was maintained at 20-25 C and relative humidity was 40-70%. The animals were treated in accordance with the guidelines of the Chugai Research Institute for Medical Science, Ethics Committee for Treatment of Laboratory Animals (CMS-S-04-08).
Of the 20 bitches, 15 were not mated with any of the 3 sires in their last oestrus (non-pregnant bitches) and the remaining 5 bitches were mated and whelped puppies (pregnant bitches). A blood sample was collected from the cephalic vein of all 20 bitches 2 days before the administration of cabergoline for oestrus induction. Plasma was routinely separated using an anticoagulant and immediately after separation, the Ovucheck plasma ELISA kit (Biovet, Saint-Hyacinthe, QC, Canada) was used to confirm that the concentration of plasma progesterone was less than 1 ng/mL. 10 The non-pregnant bitches were randomly allocated to two groups of 10 and 5. In group 1, 5 bitches in early anoestrus (128-133 days after the onset of proestrus) and 5 bitches in mid-anoestrus (151--168 days) received 5 μg/kg/day of cabergoline (PO; Cabaser, Kissei Pharmaceutical, Nagano, Japan). In group 2, the remaining 5 nonpregnant and the 5 pregnant bitches in mid-anoestrus (156--172 days) received the same dose of cabergoline as group 1.
Drug administration and oestrus detection
Cellulose capsules were filled with a crushed cabergoline tablet and administered daily until the onset of proestrus within the limit of 42 days. The onset of proestrus was determined by the appearance of vulval oedema and a blood-tinged vaginal discharge. At 6 days after the onset of proestrus, a daily blood sample was obtained from the bitch and the serum was used in the Ovulation Timing and Ovarian Assessment Test Kit (WITNESS LH, Synbiotics, San Diego, CA, USA) to detect the luteinising hormone surge (> 1 ng/mL). The bitches were mated with the three sires at 3 and 6 days after the surge.
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Statistical analysis A significant difference between the last interoestrus interval and between the interoestrus interval after oestrus induction was statistically analyzed by Student's t-test. All calculations were performed using StatView software (SAS Institute, Cary, NC, USA).
Results
The interoestrus interval of bitches that had oestrus induced was shorter than the previous 'natural' interval. Two of the five bitches in early anoestrus had oestrus successfully induced and whelped four and six pups, respectively (Table 1) . Of the bitches in midanoestrus, 4/5 had a fertile oestrus induced. The rate of induced oestrus in the mid-anoestrus bitches was higher than in the early anoestrus bitches. Table 2 compares the effect of the different histories of previous pregnancy. The rate of induced oestrus of non-pregnant bitches (4/5) was higher than that of the pregnant bitches (2/5).
Discussion
In the present study, a fertile oestrus was successfully induced by cabergoline at a higher rate in bitches in mid-anoestrus than in those in early anoestrus. Verstegen et al. administered cabergoline to bitches and found that all five mid-anoestrus bitches and three of five early anoestrus bitches had a fertile oestrus induced. 9 This study reconfirmed that oestrus induction using cabergoline was more successful in mid-anoestrus bitches than in early anoestrus bitches.
In the present study, four of five non-pregnant bitches had a fertile oestrus induced by cabergoline; however, compared with the pregnant bitches, the rate was lower. There is insufficient information about oestrus induction in bitches with a history of previous pregnancy. Shille and Stabenfeldt found that the interoestrus interval of bitches appeared to be lengthened by previous pregnancy. 1 It may be that successful oestrus induction has an important association with previous pregnancy.
The bitches whelped 2-8 pups. The size of the litters was similar to that in our previous studies of Beagle breeding using the Ovulation Timing and Ovarian Assessment Test Kit. [11] [12] [13] In a recent study, a biocompatible implant allowing daily release of a gonadotropin-releasing hormone agonist, deslorelin, was used as an alternative to dopamine agonists to induce fertile oestrus in anoestrus bitches.
14 Those authors reported that the whelping rate for early or mid-anoestrus bitches (at 80-160 days after the onset of proestrus) was 12.5% and the rate for late anoestrus bitches (at 200-590 days) was 65.2%. Those data are the highest results among deslorelin studies and relatively lower than the present results with cabergoline treatment. Additionally, differences among study results are related to the oestrus stage of the treated bitches, the timing of implant removal, ovulation rate and whelping rate. 15 It may be that deslorelin leads to a poor pregnancy and whelping rate compared with cabergoline.
The results of the present study suggested that cabergoline can be used for oestrus induction in bitches. The rate of oestrus induction in mid-anoestrus bitches was higher than in early anoestrus bitches. The response of non-pregnant bitches that had not bred in their last oestrus was superior to that of the pregnant bitches. Non-pregnant bitches at 151-168 days after the onset of proestrus. 
